Exploration of helimagnetic materials and the relevant novel quantum phases, such as multiferroic [1, 2] and skyrmion lattice [3] phases, has been one of the hottest research topics in the field of condensed matter physics as well as spintronics. For helimagnetic-based spintronics, perovskite-type transition-metal oxides can be promising candidates when finely controlling the interplay between spin, orbital, and lattice degrees of freedom. This is exemplified by the spin-spiral-driven ferroelectricity in perovskite-type manganites showing giant magnetoelectric effects [4, 5] . The spin-spiral orders in these manganites arise from the frustration of the exchange interactions between the Mn 3+ spins, which is enhanced by the orthorhombic (GdFeO 3 -type) distortion with orbital order [6] . On the other hand, perovskitetype ferrites AFeO 3 (A=Sr, Ba) with unusually high-valence ions of Fe 4+ show helical spin order even in a simple cubic lattice [7] [8] [9] [10] [11] . Recently, itinerant helimagnets with high lattice symmetry have been predicted to host a rich variety of topologically nontrivial magnetic structures typified by the skyrmion lattice [12] [13] [14] . Thus, cubic perovskite AFeO 3 generates strong interest as a promising class of materials for novel topological magnets [9, 15] .
The origin of the helimagnetic order in SrFeO 3 is ascribable to a strong hybridisation between the Fe 3d and O 2p orbitals with the negative charge transfer energy ∆ yielding itinerant ligand holes [13, 16, 17] . Reflecting the correlation between the nature of the magnetic order and the p-d hybridisation, the magnetic structure of AFeO 3 is strongly dependent on the size of the A-site ion, since this affects the bandwidth of the system. While SrFeO 3
and BaFeO 3 share the same simple cubic structure, they show a different type of helical spin order [10, 11] ; the propagation vector of BaFeO 3 is aligned with the <0 0 1> direction, whereas that of SrFeO 3 is aligned along the <1 1 1> direction.
Perovskite-type ACoO 3 (A=Ca, Sr) with the high valence state of Co 4+ is another interesting example of a negative-∆ system having itinerant ligand holes [18] [19] [20] [21] [22] [23] . SrCoO 3
has a cubic structure and shows metallic and ferromagnetic behaviour at ambient pressure with the ferromagnetic transition temperature T C =305 K. Very recently, CaCoO 3 was reported to be an antiferromagnetic metal with a distorted perovskite structure [23] . Thus, the size of the A-site ions emerges as a dominant factor for the magnetic order in ACoO 3
as well as for AFeO 3 . Furthermore, unlike the ferrites, cobaltates display a variability of the spin states (high/intermediate/low) [24] [25] [26] , which emerges as another factor influencing the magnetic order. In this work, we explore novel magnetic order in the perovskite-type cobaltates with negative ∆, and study the effect of lattice expansion on the ferromagnetic 3 order in SrCoO 3 by synthesising single-crystalline samples of Sr 1−x Ba x CoO 3 using a highpressure technique [9, 21, [27] [28] [29] . By increasing the Ba content, the ferromagnetic transition is suppressed monotonically and then disappears around x ∼ 0.4, yet all the while keeping the cubic lattice structure and intermediate spin state. Neutron diffraction studies reveal that the compound with x=0.4 hosts short-range helimagnetic correlations described by an incommensurate propagation vector along the <1 1 1> direction at the lowest temperature.
We shall discuss the origin of the emergent helimagnetic instability in Sr 1−x Ba x CoO 3 on the basis of first-principles calculations.
The room temperature structure was determined from x-ray diffraction on powder obtained by grinding pieces of single crystals. For all x, the diffraction profiles showed the cubic symmetry (P m3m) with the x-dependent lattice constant a as depicted in Fig. 1(a) . The value of a increases linearly with x from 0 to 0.4 in accordance with Vegard's law, whereas that for x = 0.5 slightly deviates upward from the straight line fit for the data in the range of x ≤ 0.4. This slight increase in a for x = 0.5 may arise due to inevitable oxygen release after the high-pressure treatment, which is furthermore consistent with thermogravimetry measurements revealing a slight increase in the oxygen deficiency (see Fig. S1 ). We note that Sr 1−x Ba x MnO 3 hosting a similar tolerance factor exhibits a structural transition from cubic to tetragonal symmetry for x ≥ 0.45 [30] , while Sr 1−x Ba x CoO 3 remains cubic up to x=0.5. The temperature dependence of the resistivity for the Sr 1−x Ba x CoO 3 single crystals is shown in Fig. 3(a) . The x=0.1 and 0.2 crystals show clear metallic behaviour with resistivity lower than 1 mΩcm similarly to SrCoO 3 [21] , and a weak resistivity anomaly is discernible around the ferromagnetic transition as denoted by closed triangles. With increasing x, the resistivity increases at almost all temperatures and becomes less temperature-dependent.
The former indicates a cross-over towards a high-resistivity state, which is consistent with a reduction in density of states at the Fermi energy for x ≥ 0.35 signified by the specific heat data [ Fig. 3(b) ]. On the other hand, the latter may result from scattering due to spinfluctuations persisting at low temperatures, which become enhanced by the competition between the ferromagnetic and helimagnetic correlations. In addition, significant disorder effects due to both of the Sr/Ba solid solution and oxygen vacancies may also play a role on such diffusive transport with high resistivity. a ferromagnetic ground state, the temperature profile of C is reasonably well described by C/T = γ + βT 2 , where γ is the electronic specific-heat coefficient [ Fig. 3(b) ] [31] . The large γ values of 45−50 mJ/mol K 2 for x=0.1−0.3 imply a moderately strong electron correlation, which is comparable to the γ value of SrCoO 3 reported previously [20] . the M S value remains almost independent of x, which implies that the M S value is mainly determined by the localised t 2g majority spins. In fact, according to a recent dynamical mean field theory, it can be expected that the itinerant electronic states at the Fermi energy consist of both e g majority and t 2g minority spin states [32] . Since these two states have opposite spin states, they may provide a small contribution to M S .
Next we show results of neutron diffraction measurements of the magnetic correlations for x=0.4. is close to the experimental result. The origin of the helimagnetic order may be attributed to a competition between the ferromagnetic double exchange interaction and the antiferromagnetic superexchange interaction [33, 34] , i.e., the former becomes weakened compared with the latter as the lattice expands. Such a tendency is in fact expected according to first-principles calculations done for the perovskite-type ferrites that takes into consideration a change in spin moment [34] . Alternatively, the hybridisation of the oxygen 2p orbital relevant to the negative ∆ may play an important role by modulating the nature of double exchange interaction [13, 17] . It remains a future theoretical work to reveal the detailed variation in exchange interactions and the mechanism of the helimagnetic transition upon lattice expansion.
In combination with first-principles calculations, this work demonstrates that a simple cubic Co 4+ -O lattice has the potential to host incommensurate helical spin order that competes with the ferromagnetic order. The point here is that the stability of these phases in Sr 1−x Ba x CoO 3 can be controlled by the lattice size, i.e., the bandwidth. Therefore, it can be anticipated that the Sr 1−x Ba x CoO 3 thin film heterostructures serve as a novel helimagnetic- 
